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Substitute Specification 

Rotating Stirring Device with Substantially 
Narrow Distribution of Energy Dissipation Rate 

DESCRIPTION 

Related Application 

This application is a U.S. National Phase application under 35 USC § 371 of 
International Application PCT/CH2004/000494, filed August 6, 2004, and claims 
priority under 35 USC §1 19 of European application no. 03018073.1 , filed August 8, 
2003, and European application no. 03019330.4, filed August 27, 2003. 

Field of the Invention 

The present invention relates to a rotating stirring and/or reacting device 
particularly suitable for mixing processes that require substantially narrow distribution 
of energy dissipation rate. 

Background of the Invention 

Various types of mechanically stirred reactors are known in the art, generally 
of cylindrical body, and equipped along their axis with a stirring system, which is 
commonly a stirrer (turbine, impeller, propeller, blade, etc.) or a group of stirrers. 
These reactors are hereinafter referred to as "ST (stirred tank) reactors". The ST 
reactors are used for processes that require continuous mixing of various 
components and efficient mass exchange between different phases (e.g. gas-liquid, 
gas-liquid-solid, liquid-liquid, liquid-solid, etc.). Proper selection of a stirring system 
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for a particular process depends mainly on the viscosity of the mass to be stirred 
(see "Advances in Chemical Engineering," vol. 17, pag. 5-8, Academic Press, 1992 
(Ref. 1) and US Pat. No. 5,460,447). 

A common shortcoming of the ST reactors is a broad distribution of the 
energy dissipation rate (defined as energy dissipated per unit mass) in the mass 
contained in the reactors, which is undesired for processes that are sensitive to the 
local energy dissipation rate. For example, when the reaction kinetics of a 
polymerization process is sensitive to the local energy dissipation rate, a broad 
distribution of the energy dissipation rate in the reactor may lead to a broad 
distribution of molecular weight. For a bio-reaction process, when the distribution of 
the energy dissipation rate is broad, the large energy dissipation rates in the tail of 
the distribution lead to large turbulent shear rate, which can damage the bio-cells 
contained in the system. 

An alternative design of reactors used for the processes mentioned above in 
the art is the Couette flow reactors, composed of two concentric cylinders where the 
inner cylinder is generally rotating. The gap between the two cylinders is the location 
where a process takes place. When the rotating speed is low, the Couette flow 
reactor can generate very uniform laminar shear rate, but mixing in the gap is 
generally very poor. Moreover, to get sufficiently large shear rate for practical 
applications, the gap between the cylinders must be very small, leading to very small 
volume of the reactor, which becomes meaningless in industrial applications. In fact, 
the Couette flow reactor is generally designed to have significantly large gap (in 
order to have significantly large volume of the reactor) and to operate at a 
significantly large rotation speed (see Zhu and Vigil, 2001 (Ref 2), Haut et al., 2003 
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(Ref 3), US Pat. No. 4,91 1 ,847 and US Pat. No. 6,099,730). In this case, with 
increasing the rotation speed, a series of (laminar, wavy, turbulent) vortices, called 
Taylor vortices, are generated in the gap, and the reactor is hereafter referred to as 
"TC" (Taylor-Couette) reactor. Vortices may be generated even at relative low 
rotational speeds, if V-shaped grooves are present on the inner cylinder as proposed 
in the US Pat No. 4,175,871 . With respect to the ST reactors, the advantage of the 
TC reactors is absence of the distribution tails with substantially small and large 
energy dissipation rates. Therefore, the TC reactors are particularly suitable for 
applications involving fragile materials such as bio-cells, colloids, etc. However, the 
TC reactors have the following common disadvantages (see Haut et al, 2003 (Ref 3); 
Drozdov, 2002 (Ref 4); Resende et al, 2001 (Ref 5)): (1) poor mass transfer within 
the vortices, (2) possible separation of components in the gap when there is a 
difference in the density between components, and (3) a large drag torque and high 
power input per unit volume. 

To overcome the above drawbacks of the TC reactors, Drozdov (Ref 4) 
proposed to use undulated surfaces for both the outer and inner cylinders, based on 
some sophisticated analytical mathematical formulas. However, manufacturing and 
scaling-up of such designed reactors are challenging. 

In the UK Pat. GB 2 103 229 a further reactor type is described, where the 
inner reactor body with a polygon-type cross-section rotates coaxially within a tube. 
During the rotational motion of the inner body or the outer tube, the edges of the 
inner body make practically sliding contact with the inside of the outer tube and 
divide the gap between the inner body and the outer tube into several chambers. A 
limited material exchange between the separated chambers may occur through the 
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thin film generated between the edges of the inner body and the outer tube during 
the rotation. It is obvious that this type of reactor is not suitable for those reactions, 
where an intimate intensive mixture between the various reaction components has to 
be achieved. In addition, the energy dissipation rate in the zones of the sliding 
contact between the edges of the inner body and the outer tube must be 
substantially large. Thus, this type of reactor has the same drawback as the ST 
reactors. 

The object of the present invention is therefore to propose a further type of 
reactor which generates a substantially narrow distribution of energy dissipation rate 
to overcome the drawbacks as described above. 

A new type of rotating stirring device is described hereinunder, which 
generates a substantially narrow distribution of energy dissipation rate, thus avoiding 
the drawbacks that the TC and ST reactors have. The invented devices are 
particularly suitable for processes that require a homogeneous turbulent flow 
environment and involving fragile components. 

Summary of the Invention 

The present invention utilizes the principle of applying non-constant gap width 
between an inner and an outer member in the Taylor Couette device in order to 
reduce or completely destroy the Taylor vortices in the Taylor Couette device, as a 
result, to obtain a substantially narrow distribution of energy dissipation rate within 
the gap. The non-constant gap width in this invention is realized by using a non- 
circular cross-section for the inner member of the Taylor Couette device along the 
radial direction perpendicular to a rotation axis. The cross-section of the inner 
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member perpendicular to the rotation axis can be any type of equilateral or 
inequilateral polygons with curved cusps. Typical examples for the cross-section 
shape of the inner member are: elliptical, triangle, rectangular, square, etc. 

The characteristics of the invention will be further illustrated by the following 
description and by the enclosed drawings relating to a non-limitative embodiment. 

Brief Description of the Drawings 

FIG. 1 is a cross-sectional view, perpendicular to the rotation axis, of a schematic 

illustration of the new rotating stirring device of the invention for a case with 

the inner member of the square-type polygon. 
FIG. 2 is a cross-sectional view, along the rotation axis, of a schematic illustration of 

the new rotating stirring device of the invention for a case with the inner 

member of an odd-number lateral polygon. 
FIG. 3 shows a comparison between the axial velocity profiles measured using the 

PIV technique and computed using the commercial CFD software Fluent, in 

the gap of a TC reactor with the inner cylinder rotation. The rotation speed of 

the inner cylinder is 2.6 rad/s. 
FIG. 4 shows a comparison between the axial velocity profiles measured using the 

PIV technique and computed using the commercial CFD software Fluent, in 

the gap of a TC reactor with the inner cylinder rotation. The rotation speed of 

the inner cylinder is 4.9 rad/s. 
FIG. 5 shows a comparison between the average radial velocity profiles in a stirred 

tank reactor, measured using the LDV technique and computed using the 

commercial CFD software Fluent. 
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FIG. 6 shows a comparison between the average tangential velocity profiles in a 

stirred tank reactor, measured using the LDV technique and computed using 

the commercial CFD software Fluent. 
FIG. 7 shows a comparison between the average axial velocity profiles in a stirred 

tank reactor, measured using the LDV technique and computed using the 

commercial CPD software Fluent. 
FIG. 8 is a cross-sectional view, along the rotation axis, of a schematic illustration of 

a stirred tank reactor of the prior art. 
FIG. 9 is a cross-sectional view, along the rotation axis, of a schematic illustration of 

a Taylor Conette reactor of the prior art. 
FIG. 10 shows a comparison of the distribution of the energy dissipation rate 

between the rotating stirring devices according to the present invention and 

the prior art. 

FIG. 1 1 shows the distributions of the energy dissipation rate of the rotating stirring 
devices according to the present invention of different designs. 

Detailed Description of the Preferred Embodiments 

With reference to FIG. 1 , the rotating stirring device comprises an outer in one 
direction extending vessel-like member such as e.g. a cylinder 1 and a preferably 
concentrically mounted inner in the same direction extending member 2. The shape 
of the cross-section of the inner member perpendicular to the rotation axis, according 
to a preferred embodiment of the present invention, is an equilateral polygon with 
curved cusps, preferably elliptical or triangle or square. The inner member is 
mounted for rotation within the outer member such as the cylinder. 
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In this embodiment, the inner member of the polygon shape mounted in the 
outer e.g. cylinder generates a minimum gap, a, and a maximum gap, b, as 
illustrated in FIG. 1 . The ratio of the maximum gap to the minimum gap, b/a, is >1 .1 , 
preferably in the range 1 .2-3. The ratio of the internal diameter T of the outer e.g. 
cylinder to the minimum gap a, T/a, is <50, preferably in the range 5-20. 

With reference to FIG. 2, the size characteristics of the outer member such as 
e.g. the cylinder, specifically its internal diameter T and its height H, according to the 
invention depend essentially on the requirement of the process where the device is 
employed, such as requirement on the reactor volume, fluid feeding rate and 
average residence time of the fluid in the reactor. 

It is evident that the surface of both the inner and outer members of the 
present invention can be a porous membrane, which can be used for the purpose of 
filtration and separation, and as carrier for immobilized catalyst, bio-active species, 
etc. 

Of course, when the inner member has an empty internal body, at each of its 
two ends a cover must be present in order to prevent the fluid falling into the internal 
space of the inner member, and the cover is also the location where the rotating 
shaft or the bearing shaft is fixed. At each of the two ends of the outer cylinder a 
cover must be present in order to keep the fluid in the reactor. Optionally, the two 
ends of both the inner and outer members can be designed in conical or spherical 
form which can improve fluid mixing in the space between the covers of the inner 
and outer members. Obviously, when the rotating stirring device is installed 
vertically, the top end cover of the outer cylinder may be avoided, depending on the 
requirement of the process. 



It is evident that as to the embodiment previously illustrated, various changes, 
adjustments, variants and replacements of elements with other functionally 
equivalent elements can be carried out, while remaining within the scope of the 
claims reported hereinafter. 

Because of the substantially narrow distribution of the energy dissipation rate, 
the present invention is particularly advantageous for reactors or mixers to be used 
in: 

bio(chemical) reactions for the production of biologically active products for 

pharmaceutical applications, in particular those reactions in which cells 
or microorganisms or products are sensitive to the shear rate 
generated by an applied stirring device; 

processes where the Taylor Couette device is currently applied, in particular 
for improving the mass transfer of components in processes of single 
or multiple phases, and for avoiding the presence of the Taylor vortices 
within the gap between the inner and outer cylinders; 

(co)polymerization reactions in emulsion, in particular in the cases where the 
polymerization kinetics, molecular weight distribution of the polymers 
and the stability of the polymer colloids, are sensitive to the shear rate 
generated by an applied stirring device; 

(co)polymerization reactions in suspension, in particular in the case where the 
polymerization kinetics and molecular weight distribution of the 
polymers are sensitive to the shear rate generated by an applied 
stirring device; 

shear-induced granulation or coagulation for the production of controlled 
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morphology and size of granules, in particular from soft protein 

foodstuffs or from inorganic or polymer colloids. 
As described previously, the rotating stirring device of the present invention 
generates a substantially narrow distribution of the energy dissipation rate, which 
leads to a substantially narrow distribution of the shear rate in the stirred fluid. In the 
case of bio-chemical reactions, a narrow distribution of the shear rate is extremely 
advantageous, since it allows cells or microorganisms or products to practically 
operate under the same shear forces, thus avoiding their damage due to the 
presence of high local shear forces in some regions, as in the case of the ST 
reactors. 

The non-constant gap width utilized in the present invention reduces or 
completely avoids the presence of the Taylor vortices, as often present in the case of 
the TC reactors, and it together with the narrow distribution of the shear rate avoids 
the possible separation of components in the gap when there is a difference in the 
density between components. Moreover, according to the present invention, the 
power input is substantially lower than those of the TC reactors, which will be clearly 
seen hereinafter in TABLE 1. 

In the case of polymerizations in emulsion, a narrow distribution of the shear 
rate leads to the advantage that it avoids the undesired formation of polymer coagula 
due to the presence of high local shear forces in some regions, as in the case of the 
ST reactors. It is well known that such coagula, besides of fouling the reactor with 
subsequent maintenance problems, cause various inconveniences such as reducing 
the stability of the polymer latexes, contamination of the polymer, lowering the 
reaction rate, etc. 
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In the case of polymerizations in suspension, a narrow distribution of the 
shear rate allows one to obtain a narrow distribution of the polymer beads, as it leads 
to the formation of the particles occurring in the entire volume of the reactor and to a 
uniform growth rate of the formed particles. The axis of the present stirring device for 
the processes of suspension polymerizations is preferably placed horizontally. 

EXAMPLES 

Characterization Methods 

Currently, there is no effective technique that can directly measure the 
distribution of energy dissipation rate or distribution of shear rate in a mechanically 
stirred reactor, though there do exist techniques to measure average velocity profiles 
and flow patterns, such as using laser Doppler velocimetry (LDV) (Wu and 
Patterson, Ref 8) and particle image velocimetry (PIV) (Haut et al, Ref 3). However, 
the LDV and PIV techniques are difficult to apply to the device of the present 
invention, because of the deformed inner member, which leads to the flow pattern at 
a fixed location inside the gap varying periodically with time. On the other hand, it 
has been confirmed that for single-phase fluid, the commercial software for 
computational fluid dynamics (CFD) simulations, such as Fluent (Fluent Inc., 10 
Cavendish Court, Lebanon, NH 03766-1442, USA), CFX (CFX Ltd., The Gemini 
Building, Fermi Avenue, Harwell International Business Centre, Didcot, Oxfordshire 
OX1 1 OQR, UK) and StarCD (CD adapco Groupe, London office, 200 Shepherds 
Bush Road, London W6 7NY, UK), can correctly reproduce the average velocity 
profiles and flow patterns measured by LDV and PIV techniques (Haut et at., 2003 
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(Ref. 3); Zhu and Vigil, 2001 (Ref. 4); Mavros et at, 2001 (Ref. 6); Campolo et al., 
2003(Ref. 7)). Therefore, in the following examples, the distribution of energy 
dissipation rate as well as the other fluid dynamic properties in each rotating stirring 
device is obtained based on single-phase CFD simulations, using the commercial 
CFD software, Fluent (version 6.1). 

Moreover, in order to verify that the CFD software Fluent has been correctly 
utilized, before carrying out the computations for the cases in the following 
examples, the Fluent software has been used to compute the average velocity 
profiles in a TC reactor and a ST reactor, and the results of the experimental data 
reported in the literature have been compared. In particular, Haut et al. (Ref 3) have 
measured axial velocity profiles in the gap of a TC reactor using the PIV technique. 
The TC reactor has the radii of 4 cm and 4.85 cm for the inner and outer cylinders, 
respectively, and the inner cylinder was rotating. The results at the rotation speeds of 
the inner cylinder, 2.15 rad/s and 4.9 rad/s, are reproduced in FIG. 3 and FIG. 4 with 
symbols (•), where z is the axial coordinate with unit m, and v z is the mean axial 
velocity (with unit m/s) on the circumferential surface that has a distance, 2.125 mm 
from the surface of the inner cylinder. In FIG.3 and FIG. 4 the solid curves are the 
mean axial velocity profiles computed by us using Fluent. It is seen that the 
agreement between experiments and numerical simulations is very satisfactory. The 
ST reactor that we have simulated is the one used by Wu and Patterson (Ref 8) to 
perform the measurements of the average velocity profiles using the LDV technique. 
The ST reactor has a diameter of 27 cm, equipped with a Rushton turbine and four 
baffles, and its height is equal to the diameter. In FIG. 5, FIG. 6 and FIG. 7, are 
respectively shown the average radial (U r ), tangential (U mn ) and axial (U ax ) velocity 
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profiles, measured experimentally by Wu and Patterson (Ref 8) (symbols •) and 
computed by us (solid curves) using Fluent. In the figures, z is axial distance from 
middle point of the agitator blades, Vti P is tip velocity of the blades, and r + is 
dimensionless radial distance from rotation axis of the turbine (2r/A). Symbols, E and 
A, are height of the blades and tank diameter, as defined in FIG. 8. Again, good 
agreement has been obtained between experiments and numerical simulations. The 
computed power number (4.92) also quantitatively agrees with experimentally 
measured one (4.5-5.0, (Ref 1 )) of this type of reactors. Therefore, the results of the 
single-phase CFD simulations using Fluent are reliable, and the usage of the 
commercial software, Fluent, is correct. 

Example 1 

Distribution of the energy dissipation rate in a stirred tank (ST) reactor 

FIG. 8 shows a section view of the ST reactor of the prior art 3, composed of 
a cylindrical body 4, a six-blades Rushton turbine 5 and four baffles 6 symmetrically 
placed inside the reactor. The real sizes of the various elements of the reactor 
employed in the CFD simulations are as follows: 

A=B=270 mm; C=90 mm; D=93 mm; E=I8.6 mm; F=23.25 mm; G=27 mm. 

Using Fluent, the volume-based distribution of the energy dissipation rate for 
the ST reactor geometrically defined above, has been computed With a rotation 
speed for the Rushton turbine being 8.08 rev/s. The results are reported in FIG. 10 
with symbols (•). The abscissa is the normalized energy dissipation rate, defined as 
the energy dissipation rate divided by the volume-averaged energy dissipation rate. 
The volume-averaged energy dissipation rate at this rotation speed is computed to 
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be 1.15 m 2 /s 3 . It is seen that the distribution is very broad, covering at least 7 orders 
of magnitude. 

Example 2 

Distribution of the energy dissipation rate in a Taylor Couette (TO reactor 

FIG. 9 shows a section view of the TC reactor of the prior art 7, composed of 
an outer cylinder 8, an inner cylinder 9. Both cylinders have cross-section of circular 
shape, and they are placed concentrically. The inner cylinder is rotating. The real 
sizes of the various elements of the reactor employed in the CFD simulations are as 
follows: 

1=140 mm; J=8 mm; K=320 mm. 

The distribution of the energy dissipation rate computed using Fluent for the 
TC reactor geometrically defined above is shown in FIG. 10 with symbols (o TC8). 
The rotation speed of the inner cylinder employed for the computations is 8.31 rev/s, 
and this leads to the computed volume-averaged energy dissipation rate to be 1.15 
m 2 /s 3 , equal to that in Example 1. The results indicate that the distribution of the 
energy dissipation rate of the TC reactor is narrower than that of the ST reactor, 
particularly without the tail in the range of large energy dissipation rate. 

Example 3 

Distributions of the energy dissipation rate in the reactors of a triangle-inner 
cross-section of the inner member (TIC) according to the present invention 

According to the present invention as schematically illustrated in FIG. 1 and 
FIG. 2, e.g. a triangle cross-section of the inner member perpendicular to the rotation 
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axis is employed for the CFD simulations. The real sizes of the various elements of 
the reactor employed in the simulations are as follows: T=140 mm; H=320 mm; a=8 
mm, but three values have been employed for b=12 mm, 16mm, and 22 mm, thus 
leading to three different designs of the present invention. 

The distributions of the energy dissipation rate computed using fluent for the 
three reactors geometrically defined above are shown in FIG. 10 with symbols, • 
TIC8-I2 for b=12mm, □ TIC8-16 for b=16 mm, and ATIC8-22 for b=22 mm. The 
rotation speeds of the inner member employed for the computations are 5.75 rev/s, 
5.59 rev/s, and 5.72 rev/s, respectively for the reactors with b=12 mm, 16 mm, and 
22 mm. Using different values of the rotation speed of the inner member for the three 
designs aims at obtaining an identical volume-averaged energy dissipation rate, 
being 1.15 m 2 /s 3 , which is also equal to those in Examples 1 and 2. It is clearly 
shown in FIG. 1 0 that the distributions of the energy dissipation rate of the three 
reactors of the present invention are substantially narrower than those of the ST and 
TC reactors of the prior art. 

TABLE 1 Relative power input of different rotating stixriag devices at a fixed 



value of the volume-averaged energy dissipation rate (—1.15 mVs 3 ). 



Rotating 
Stirring Device 


TC8 


TTC8-12 


TIC 8-1 6 


TIC8-22 


RIC8-16 


SIC8-16 


Relative Power 
input 


1 


0.63 


0.61 


0.SS 


0.60 


0.60 



The corresponding power input, defined as power per unit volume, of the 
three TIC (TIC8=12. TIC8=16 and TIC8-22) reactors are shown in columns 3, 4 and 
5 of TABLE 1, and compared to the power input of the TC reactor (TC8, in column 2) 
of the prior art, as geometrically defined in Example 2. The values presented in 
TABLE 1 are the relative power input, i.e., the ratio of the power input of the reactor 
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of the present invention to the power input of the TC8 reactor. It is seen that the 
relative power input is always smaller than unity, indicating that a lower power input 
is required for the present reactor with respect to the TC reactor in order to obtain 
the same volume-averaged energy dissipation rate. 

Example 4 

Distributions of the energy dissipation rate in reactors of different types of 
cross-section for the inner member according to the present invention 

According to the present invention as schematically illustrated in FIG. 1 and 
FIG. 2, the elliptical, triangle and square types of cross-section for the inner member 
perpendicular to the rotation axis are employed for the CFD simulations. The real 
sizes of the various elements of the reactor employed in the simulations are as 
follows: 

T=140 mm; H=320 mm; a=8 mm; b=l6 mm. 

The distributions of the energy dissipation rate computed using Fluent for the 
three reactors geometrically defined above are shown in FIG. 1 1 with symbols, - 
RIC, □ TIC, and A SIC, for the reactor with rectangular, triangle, and square cross- 
section for the inner member, respectively. The rotation speeds of the inner member 
employed for the computations are 5.65 rev/s, 5.59 rev/s and 5.56 rev/s, respectively 
for the reactors with the elliptical, triangle, and square cross-section of the inner 
member. Using different values of the rotation speed of the inner member for the 
three designs aims at obtaining an identical volume-averaged energy dissipation 
rate, being 1.15 m 2 /s 3 , which is also equal to those in Examples 1, 2 and 3. It is seen 
from FIG. 1 1 that the distributions of the energy dissipation rate of the three reactors 
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of the present invention are substantially narrow, much narrower than those of the 
ST and TC reactors of the prior art as reported in FIG. 10. 

The corresponding relative power input of the RIC8-16 and SIC8-16 reactors 
are shown in columns 6 and 7 of TABLE 1 , respectively. Again, they are substantially 
smaller than unity, indicating that a lower power input is required for these reactors 
with respect to the TC reactor in order to obtain the same volume-averaged energy 
dissipation rate. 

The reactor designs and the examples described with reference to Figs. 1 to 
1 1 are for the better understanding of the present invention, and the scope of the 
invention is of course not at all limited to the described embodiments. It is of course 
possible to modify the designs, the dimensions, the reactors, and the way of how to 
perform the reactors. Correspondingly, it is possible to choose an inner member with 
any kind of a cross section differing from a uniform circular shape such as an 
elliptical triangle, square, or polygon-like cross section with for instance rounded off 
edges, etc. It is also possible to use an inner member with a wave like surface, with 
longitudinally extending grooves, with perforations, etc. Vice versa, it is of course 
possible to use an inner cylinder with a cross-section of circular shape and an outer 
member with a cross-section of non-circular shape as described above in relation to 
an inner member with a cross-section of non-circular shape. In the latter case, it is 
preferred to rotate at least the outer member. 

Again according to a further embodiment, it is possible to rotate both 
members. 

Again according to a further embodiment, it is possible to have an outer and 
an inner member, which both have a cross-section of non-circular shape. 
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Again according to a further embodiment, it is possible to move the inner 
member alternatively in one and the other longitudinal direction to vary the gap 
between the top or the base area of the inner member and the respective reactor 
walls. 

It is furthermore possible to rotate the members in different rotation directions, 
or to rotate in the same direction but with different rotation speeds, or to use a 
temporal variation rotation speed, etc. 

Even if in the attached figures and also in the examples always concentrically 
arranged members are shown or described, respectively, it is of course possible to 
arrange the inner member body in an eccentric manner, which means that the 
rotation axis is not in line with the axis of the outer member, which could be e.g. an 
outer cylinder. 

Again, in a further embodiment it is possible that at least one member wall is 
at least partially permeable for fluids insofar that exchange of components between 
inside and outside the reactor and/or the mixing vessel is possible. The cylinder wall 
may be permeable for instance to be used for filtration of components from the 
reaction mixture in the reactor and/or mixing vessel. 

Furthermore, the inner and/or outer member can be made in the form of 
jacket for different purposes such as for instance for heat exchange. 

Finally, it is a question of optimization how to design and dimension the two 
members like e.g. longitudinal extending bodies. The main point of the basic idea of 
the present invention is to design and to dimension the two member walls or jackets 
in such a way that the gap between the two walls or vessel jackets is differing in 
circumferential direction. 
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